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The fruit quality parameters of Prunus armeniaca L. cv ‘Ninfa’ grafted on ‘Myrobalan 29C’ (Prunus cerasifera 
Ehrh.) and ‘Real Fino’ apricot seedling (Prunus armeniaca L.) were analysed in an experimental orchard under 
organic management. The study was performed between 2010 and 2012 in the province of Seville (SW Spain). 
Colour, fruit and stone weights, firmness, soluble solid concentration, and acidity were measured for fruit quality 
evaluation. Trunk cross-sectional area, main branches, and fruit yield were also determined. In general, ‘Myrobalan 
29C’ rootstock produced fruit slightly larger in size and with a bigger weight. By contrast, apricots on ‘Myrobalan 
29C’ had less firmness and a lower solid soluble concentration than on ‘Real Fino’. There was little difference in the 
colour, acidity, and stone dry weights. Trees on ‘Real Fino’ had larger areas of trunk and branches but no significant 
differences were obtained in relation to fruit yields.
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Apricot trees (Prunus armeniaca L.), originally from China and Central Asia where they have 
been cultivated since 2000 BC, are now a commercially important fruit in many countries of 
Europe, including Spain (ruiz & egeA, 2008; gATTi et al., 2009). Fruit quality is affected by 
cultivar (LeDbeTTer et al., 1996; TriCon et al., 2009), soil characteristics (VAn Leewen et al., 
2004; KhAn et al., 2011), climatic conditions (gunDuz et al., 2011), and agronomy (Pérez-
PASTor et al., 2007; rouSSoS et al., 2011). Rootstocks commonly used in orchards influence 
not only tree vigour and yield (egeA et al., 2004;  Jiménez et al., 2007), but also the quality 
attributes in fruit (DAzA et al., 2008; hernánDez et al., 2010; miLoSeViC et al., 2011). 
Quality and safety of food as well as the conservation of the natural environment are two 
aspects increasingly demanded in modern societies. Organic agriculture is a system that 
prevents the use of synthetic chemicals in crop protection and control of weeds, uses strategies 
with low environmental impact, and has been well regulated in Europe for years (EEC, 1991, 
revised with EC, 2007). However, organic fruit production is very low, perhaps because of 
the difficulty of an adequate control of pests and diseases (weibeL et al., 2007). Consequently, 
studies on the quality of organic fruit are still scarce. The richness of genotypes of apricot 
makes it an interesting species for low input systems, such as organic farming. ‘Ninfa’ is 
recommended as an interesting early apricot cultivar in relation to yield and fruit quality 
attributes (Lo biAnCo et al., 2010). The aim of the present work was to compare the standard 
fruit quality parameters of this cultivar grafted on two different rootstocks in a newly 
established orchard, organically managed. 
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1. Materials and methods
1.1. Plant material and trial characteristics
Prunus armeniaca L. cv ‘Ninfa’ grafted on ‘Myrobalan 29C’ (Prunus cerasifera Ehrh.) and 
‘Real Fino’ apricot seedling (P. armeniaca L.) was used in this work. All the trees were 
planted in January 2008 as bare root one year old, non-feathered, grafted onto both rootstocks. 
The study was carried out in the period 2010–2012 in an experimental organic orchard 
located at the IFAPA Centro “Las Torres-Tomejil” in the province of Seville in the 
Guadalquivir River Valley (SW Spain) (37º 30’ 48’’ N; 5º 57’ 46’’W). The soil of this farm 
was classified as a Xerofluvent (SoiL SurVey STAFF, 1999). Fertilization was applied annually 
with animal manure at a dose of 4–5 kg m-2; in addition, several cover greens, including beans 
and oat+vetch, were annually sown in November and buried in March. The orchard was 
irrigated during the dry season (approx. June–August) by gravity along two rows parallel to 
the line of trees. Each year, depending on climatic conditions, from 5 to 8 irrigations were 
applied (350 000 l ha–1 each). Land management consisted of reduced tillage. The planting 
framework was 5 m×4 m between and within the rows, respectively, and trees had a pruning 
training vessel, taking care that all pruned trees bear a similar width and height onto both 
rootstocks. The different pest and disease treatments were adjusted to regulations in organic 
farming (EC, 2007). The experiment was set up in a randomised block design with three 
replications, each containing 4 trees of each cultivar. The region has a Type C Mediterranean 
climate, according to the Köppen classification (PeeL et al., 2007). The most relevant 
agroclimatic conditions registered in the zone during the time of the study are shown in 
Table 1.
Table 1. Agroclimatic conditions along the study
Parameter Year
(2009)–2010 (2010)–2011 (2011)–2012
Chilling units (1 November to 15 February, hours below 
7 °C)
404 494 849
Rainy (September to August, mm) 942.4 662.8 287.8
Main air temperature (15 April to 15 May, °C) 18.43 18.81 18.60
Main air humidity (15 April to 15 May, %) 66.67 72.56 60.35
1.2. Fruit analysis
Fruit for analysis was harvested 64, 67, and 69 days after full bloom in 2010, 2011, and 2012, 
respectively. Twenty four fruits were collected from each of the four trees of each rootstock /
replication, the fruits were picked at 1 to 2 meters in height and on each of the four cardinal 
points to avoid fruit position effect. Eighteen apricots were randomly taken from each batch 
and were processed for all the quality analysis. Size was determined using a digital slide 
gauge Mitutoyo CD-15CR (Mitutoyo America Corp., Kawasaki, Japan). Following the 
terminology proposed by CAiLLAVeT and SouTy (1950), polar (ØP), suture (ØS), and equatorial 
(ØE) fruit diameters were measured and then transformed to the parameter denominated 
“size” defined as (ØP+ØS+ØE)/3. Fruit weight was also evaluated. Fruit colour parameters 
L*, a*, and b* were measured with a Minolta colorimeter CR-300 (Minolta Co., Ltd., Osaka, 
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Japan). Soluble solid concentration (ºBrix) was determined using an ATAGO PR-101 
(ATAGO Co. Ltd., Tokyo, Japan) digital refractometer. Titratable acidity was determined on 
three juice samples (6 apricots each), diluted in distilled water, and microtitrated with NaOH 
0.1 N. The ripeness index was calculated as the ratio solid soluble concentration/acidity. Fruit 
firmness was tested with a penetrometer 53205 (TR di Turoni & C. Snc, Forlì, Italy). 
1.3. Tree growth and yield 
Growth and vigour of the trees were evaluated in 2011 and 2012 in November at the end of 
the growing season by calculating the trunk cross-section area of the trunk (TCSA) 20 cm 
above the graft union (LePSiS & bLAnKe, 2006). The cross-sectional areas of the main branches 
(MBCSA) emerging from trunk were also measured. Additionally, the rootstock cross-
sectional area (RCSA) 10 cm below the graft union was measured in 2012. The production in 
2012 (kg per tree) was calculated taking into account the total fruit collected in all trees on 
each rootstock, tree replicates with 4 trees each.
1.4. Statistical analysis
Statistical analyses were performed using Statistix software version 9.0 (NH Analytical 
Software, Tallahassee, USA). Single analysis of variance was used to analyse all the 
experimental data. Results were expressed at the P<0.05 level of significance.
2. Results and discussion
2.1. Fruit size and weight
With regard to fruit size, trees grafted on ‘Myrobalan 29C’ plum rootstock produced fruit 
slightly larger all the three years but only with a significant difference in 2012 (Table 2). The 
mean values did not show significant differences. Consequently with size, the fruit weights 
were also bigger on Myrobalan rootstock and with significant differences in 2010 and 2012. 
The fruit weight mean values also showed significant difference. An increase in both 
parameters on both rootstocks was observed from 2010 to 2012.
Table 2. Comparative fruit size and weight of Prunus armeniaca cv. ‘Ninfa’ grafted onto ‘Myrobalan 29C’ plum 
and ‘Real Fino’ apricot seedlings as rootstocks in an organically managed orchard
Year Size (cm) Weight (g)
Myr. 29C Real Fino Myr. 29C Real Fino
2010 40.21a 39.28a 41.12a 34.72b
2011 43.34a 42.91a 50.37a 48.43a
2012 50.30a 47.70b 72.57a 62.48b
Mean 44.62a 43.30a 54.69a 48.54b
For each parameter and year, values followed by the same letter were not statistically different (P<0.05)
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2.2. Fruit colour
Fruit colour is sometimes an important factor for its marketability, and may be related to its 
degree of maturity. Few significant differences in the three colour coordinates were observed 
in the three years of the study (Table 3). Given that the correct meaning of the colour-related 
data must be interpreted after knowing the colour change of each variety at the time of 
ripening (DAzA et al., 2012), the slightly lower a* and b* values of the fruit produced on 
‘Real Fino’ seem to suggest that fruit were more colourful. 
Table 3. Comparative a*, b* and L* colour parameters of Prunus armeniaca cv. ‘Ninfa’ grafted onto ‘Myrobalan 
29C’ plum and ‘Real Fino’ apricot seedlings as rootstocks in an organically managed orchard
Year a* b* L*
Myr. 29C Real Fino Myr. 29C Real Fino Myr. 29C Real Fino
2010 16.20a 14.66a 45.48a 43.37b 61.88b 63.95a
2011 15.60a 12.99b 42.17a 40.96a 64.59a 63.29a
2012 15.07a 16.01a 45.91a 45.79a 65.83a 65.52a
Mean 15.62a 14.55a 44.51a 43.37a 64.10a 64.25a
For each parameter and year, values followed by the same letter were not statistically different (P<0.05)
2.3. Soluble solids and acidity
The concentration of total soluble solids and acidity were similar in the fruit on both 
rootstocks, with no significant differences in any year (Table 4). In relation to the maturity 
index, significant differences were only observed in 2010, with higher values in the fruit on 
‘Real Fino’.
Table 4. Comparative soluble solids, acidity and maturity index of Prunus armeniaca cv. ‘Ninfa’ grafted onto 
‘Myrobalan 29C’ plum and ‘Real Fino’ apricot seedlings as rootstocks in an organically managed orchard
Year Soluble solids (ºBrix) Acidity (g malic acid/100 ml) Maturity index
Myr. 29C Real Fino Myr. 29C Real Fino Myr. 29C Real Fino
2010 13.05a 13.48a 2.71a 2.22a 4.81b 6.07a
2011 9.75a 10.08a 2.15a 2.31a 4.53a 4.36a
2012 10.11a 10.45a 1.65a 1.78a 6.13a 5.87a
Mean 10.97a 11.33a 2.17a 2.10a 5.05a 5.40a
For each parameter and year, values followed by the same letter were not statistically different (P<0.05)
2.4. Fruit firmness and stone dry weight
Fruit always had a higher firmness when produced on ‘Real Fino’ apricot rootstock, showing 
significant differences in 2010, 2011, and in the mean values of the three years (Table 5). No 
relevant differences were observed with respect to stone weights, being slightly lower in the 
fruit on ‘Real Fino’ apricot. 
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Table 5. Comparative firmness and stone dry weight of Prunus armeniaca cv. ‘Ninfa’ grafted onto ‘Myrobalan 
29C’ plum and ‘Real Fino’ apricot seedlings as rootstocks in an organically managed orchard
Year Firmness (kg cm–2) Stone weight (g)
Myr. 29C Real Fino Myr. 29C Real Fino
2010 0.84b 2.16a 1.71a 1.56b
2011 1.70b 2.38a 1.83a 1.77a
2012 1.35a 1.68a 2.24a 2.13a
Mean 1.29b 2.07a 1.93a 1.82a
For each parameter and year, values followed by the same letter were not statistically different (P<0.05)
2.5. Tree growth and yield
The values of cross-sectional areas of the variety trunks (TCSA) and the main branches 
emerging from it (MBCSA) were higher in all cases for trees on ‘Real Fino’ rootstock, but 
with significant differences only in MBCSA and not in TCSA (Table 6). In 2012 the cross-
sectional areas of the rootstocks (RCSA) 10 cm below the graft union were also measured. 
The ratio RCSA / TCSA shows a more uniform bonding in terms of diameter between ‘Ninfa’ 
– ‘Real Fino’ than between ‘Ninfa’ – ‘Myrobalan 29C’.
Table 6. Comparative trunk and main branches cross-sectional areas and fruit yield of Prunus armeniaca cv.  
‘Ninfa’ grafted onto ‘Myrobalan 29C’ plum and ‘Real Fino’ apricot seedlings as rootstocks in an organically 
managed orchard
Rootstock TCSA (cm2) MBCSA (cm2) RCSA / TCSA Yield (kg/tree)
2011 2012 2011 2012 2012 2012
Real Fino 156.47a 199.93a 65.96a 86.23a 0.94b 20.55a
Myr. 29C 126.29a 162.75a 41.54b 57.03b 1.61a 23.95a
TCSA: trunk cross sectional area of variety; MBCSA: main branches cross sectional area; RCSA: rootstock cross-
sectional area. In a column, for each parameter and year different letters indicate significant differences (P<0.05)
2.6. Discussion
In southern Spain the most common rootstocks for apricot cultivation are apricot seedlings 
(‘Real Fino’ and ‘Canino’ cultivars), plums (‘Pollizos de Murcia’ and ‘Myrobalans’), and 
peach Nemaguard (hernánDez et al., 2010; JuAn orero, personal communication), among 
which the apricot has the highest affinity with a larger number of cultivars. Only a few studies 
on apricot organic farming have been carried out by the moment (LeCCeSe et al., 2010). The 
early ripening and good yield characteristics of the cultivar ‘Ninfa’ (SoTTiLe et al., 2006; Lo 
biAnCo et al., 2010) suggest that its cultivation may be of interest in areas suitable for an early 
fruit production, such as Andalusia. This study compared tree growth and the standard fruit 
quality parameters of ‘Ninfa’ apricots produced on the rootstocks ‘Myrobalan 29C’ and ‘Real 
Fino’ in a newly established organic orchard. 
In general, a more vigorous growth was observed on ‘Real Fino’ rootstock. Moreover, 
in grafted plants a uniform development of trunk rootstock and scion, as occurred with 
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‘Ninfa’ – ‘Real Fino’, is another factor favouring a good vascular functionality of the tree as 
a whole (FeLiPe, 1989). However, fruit yield was similar on both rootstocks.
Probably the colour in apricot is less relevant than in other fruits, such as apple or plum. 
Anyway, the results showed minimal differences in the fruit colour on the two rootstocks. 
A more important parameter in terms of quality is the amount of soluble solids, a key for 
early varieties usually with lower values. Although no significant differences were observed, 
always slightly higher values were obtained in fruit produced on ‘Real Fino’ apricot. Good 
fruit firmness ensures proper handling. In fruit showing a similar maturity index apricots 
produced on ‘Real Fino’ were statistically firmer than on ‘Myrobalan 29C’. Although the 
differences were not relevant, apricots on ‘Myrobalan 29C’ were always slightly bigger and 
had more weight. This may be of value in a cultivar as ‘Ninfa’ that has a medium-low size. 
In a previous study of the behaviour of cultivar ‘Ninfa’ grafted onto different rootstocks, 
performed in Sicily in a conventionally managed orchard (SoTTiLe et al., 2006), when grafted 
on ‘Myrobalan 29 C’, yield and fruit weight were lower than those obtained in the present 
work. Given that our study was conducted under organic management, usually with lower 
yields than conventional (De PonTi et al., 2011), the comparison of these yield values with 
those obtained in this work suggest preliminary good yield and fruit quality of cultivar ‘Ninfa’ 
on both rootstocks used in this organically managed orchard. 
3. Conclusions
A similar fruit yield of the cultivar ‘Ninfa’ was obtained on both rootstocks, ‘Myrobalan 29C’ 
and ‘Real Fino’. Although the fruit from ‘Myrobalan 29C’ was slightly higher in size and 
bigger in weight, its firmness and solid soluble concentration were also lower. The results 
obtained in terms of yield, fruit quality, and the better cultivar-rootstock affinity observed for 
‘Real Fino’ prompted us to think that this latter is more appropriate than ‘Myrobalan 29C’ as 
a rootstock for this early-ripeness apricot in the conditions used: organic farming in a clay 
loam soil in southern Spain.
*
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